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(57) Abstract: A high-oulput type nitride light emitting element, specifically a nitride 
light emitting element including an active layer between an n-type nitride semiconductor 
layer and a p-type nitride semiconductor layer, wherein the above substrate is cut out of the 
bulk single crystal of a gallium-containing nitride, has an epitaxial growth plane having a 
defect density of up to lOVcm 2 , can be provided with an epitaxial growth-use A plane or 
M plane in parallel to the C-axis of a hexagonal crystal, and comprises the above n-type 
semiconductor layer directly laminated on the plane. When the above active layer consists 
of an In-containing nitride semiconductor, a protection film consisting of a single crys- 
tal Al x Gai. x N (O^sxiS | ) can be formed at low temperatures that do not damage an active 
layer. 
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m m m 

^v>ftjtm*<nmm%tM<pTmt ^xm\,-z>ffimizM-i~z>t><Dxhz> 0 

^mmiz&vzm$imz.iort?>xm^ ^m^n^^mmttj:^. mm 
io mat, wfc&^tsi-tzxmmzi'— f(Dmm±. i o 4 /cm 2 J^T^PiM 
^^^fbnSo u^b^^b, mtrm^^t°^w^j&e& (mocvd 

fcim-lVPE) LTi^f-^r^T, S i C^^co^S^Jb(^ft$ 

-fr-5IH&_b, i'JUELOG (Epitaxial lateral overgrowth) jfe&fflV^T t 

15 £fc, f77^T, S i C±^f@fi)cftfOx ^rv't ^1^^ 7 7 ^ ^ t 

^e>^> mm&m±.\~mfc£ftz>t&&m* i n^t^&^^mxm^-i-^m 

25 7t*Mcf£f£Jf SrlSJttS:: t^m^^HX^^tK frfrZ&mm&Ga NjcfctiA 

1 G a N®-e?FM-rS^, fiStffc/POTFM^J; "9{£l\ 8 0 0^9 0 0°CXM 
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fry**— Kt^v^-ctJ: vmnmmmjjt-rzm'&; mm^^wmmco^m 

XUh tefi* ft fUM t ta 5 w t jjs^jlfj $ tt 5 . 

y* = 7^fflV^Tl 0 5 /cm 2 J^T, #*L<«:. 1 0 4 /cm 2 J^TOi&Xflfe^<7> 

JfctfcLT. ^L< G a/NH3Jt^fpJ± (2 0^±) $t5:t^i 

t> 1 0 0 OTO±T*tT^tt5^b^^tB)^ft^^ttLT^4?)Ti&S (6 0 0°C 

& LT#5 r i: ^-et <cj6»o Affile fcttMffifc^ fc°j£ftffi 5 r £ # pjfigft 
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# y ^^^W^b*5Sr^$*-5^fiMfll£tR±»-G a N x AINjfciiAlG 

10 

15 C$A{Clp^^t 0 ^^^^y^5cDfc:i6(DA®^/c{iM®^^ (0 5) , §£® 

<D±.izB.&$.tcfi.A 1 (Ga) N/<y7r»«:^LT±EnS!^i»frJl^flra$ 

20 S©fc*©AS*y!:«:MSS:©I?)ttJ-t-ri*s-c$ < 5 (EI5#!$) 0 ^flllO 
9-ttf s "C#£o Affi*5j:t>*MgpfiCffi(Ctt: L#|£j&Sftl^ (non-polar) (DX\ 

25 .blBS^tt^y O^W^b^Affi^fcfiMffiT'fcoT, U5>t>, 

flS 1 0 VcrfyTTfcSW* LV\ 

±ie^ i *5 j;t>*b 2 <B3S9j-cra\ #y ^^-^w^^m^s^.itffi^^ t° 

?*is-Y;lsm*!$.-g:£i£tzi)K AMMON omXMffc $*l<5 / > h'—7G a N N 
A 1 N^fcfiA 1 GaNiW^li: LT/B^S-^, mfiHDffimiz^ if * is 
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< i-5&R#s*>* a*, ammo n ofex-Mfc <* tiz&&.(oi£tikXftk&ftift\z~t- < 

^^J!), «nS/-5^7i, yyK-^GaNl, niiM^^^L 

_bffi^3^P^-C{i, ^WJli: IT AMMO N OftT'M Ufctibft^^^ f- 
S&dlJS&fflV^c^ AMMONO}££fflV>-Cii:tg> efKSSr^fiK-t'Sr i:^T*# 

aT^taST'fen^ ±SEffitt®* s ^»^^«tt)M«^*t^V\ AMMONO 

ifc-m»fc*©j*fisftas 6 0 o°cu*t> «t 00* u< «5 5 oTOT-cfcsco 

T\ W^hb^G a N^fcttA 1 G a N/i£ I n £^ifSt£S£#ffc3l*rS - £ 

1) A>b«)*Jn5. r. h'm&±Xf?7? b*m^*)M<M0t 

£ftZ<Dtf£\,\ AMMONOjfe-Cfiii^ K-^g 
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AMMONOjfe©Iffl|cfco-Cli, i: LT7;i<# })&m*m 

^ZAK fVizL i JJr^AW&L^a fc*3 % gttiliInGaN#FI/Ga 

Sr%itUTii^©l*igSo^«ajBIJ¥Sr^^:# <t50*i»* LA^^asjfcSo 

5 0 Huffi-^^^ii, mit'rjm. mt'rjm. mtT^^-vj*^ y 7r>, 

fc*3 % ffiffi#7V«T£te/BLfcAMMONOfe£li, 

25 L^S<b«S^fr©fiKR^rft-e, #-7^ KffilK (P- 3 4 7 9 1 8&}S£XfiP 

-3 5 03 7 5f) *5«tt5PCTJ±JS (PCT/I BO 2/0 4 1 8 5) ^f^JH 
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A 1 , G a , _ x _ y In, N (O^x < 1 , 0_< y < 1. 0j< x + y < 1 

) 

mtuT<D&o\zi£mztn, nh, jfciitoRi*^^ 5^79>nf— t 

#$&Wte:l3^T. v'— KliHVPET'MieLfcG a N^fcliAMMONOftT* 

©«me*a*2. s~3. 6-cfc<£r>- ks^u i-*3»ts*B5>: 

R&$&£ttl 0 6 /cm 2 ^TTfo5©« LV\ ^ffcfoU:, fr'b&Jj&Mi&CD 
Mo, W\ A^****#S*3R«>o— H f , a— Zr, iE^^^T^^K. 
WC^it^B^WC, W 2 C, ZnOiilSilSiC^Ia-SiC, TaN 
„ NbN N A 1 N, A^bb (P6/mmm) lAgB 2 , AuB 2 , HfB 2 . Z 
rB 2 A^bb (P6 3 /mrac) ly-MoC, £ -MbN, ZrB 2 i^Ili 
H5 0 K<0»^*1, ^®^^^B%^ftl-ii^^St-r5)'<<, Ga 

*B5*fWk©fc*^HC 1 AQ.SU HFAOffflSTtiaSlfT* 5 

MMO N Ote-C<P*£iiMfc£4eifH-5 C £ Z a 

*iswtc43v>-c, #y ^A-g-w^b^oi^BBfbfii o o~8 o o'Cttffl-cff 5 

r L< tt«3 0 0-60 Ot^ «fc L< fi4 0 0~5 5 

0 0 0 ObarffTP w t75ST'#5^N fflKlil 0 00~5 5 0 Obar\ 
£ L< 1 5 0 0~3 0 0 Obar<7)jE^-C'fT^tL-5^^J:V\ 
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tt-fZTsUZi V tem^ *><D*;\/tti*l : 2 00-1 : 2T'fc?)^ £?£L<{3: 
1 : 1 0 0~1 : 5, <fc K) L < 1 : 2 0~ 1 : 8 <D$&\mtMcWm-f 5 (Dfr 

^Blli, 7>^r/i££f£ (ammono-basic) 5 1 ifl£ tz\~m%L 

#y ^^mmtmtm. thm^mmt LT'M<iuy z^tm. 

mm-T&*atr{t&!V>)X\ t h~7t\t^mC a N, E.7tit^mA 1 G a N, 

I nG a N:fc££)<4 7U-ffc^A 1 T nC a N£r^ N ±S27 >^ / ^SttMillric 

#y ^^^^bfeCQ/^^^H^i^^ MOCVD^fc(iHVPE^Oxt° 
, 75 K— T5 Km 7v^KiT'*)oT, ^Tl^a^5^l&^7^-7^£ 

sfc^tDim^fcfi^or^^y^m-r^-^ (Li, k, Na, Cs) 
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5 fob LTJR9Htr«*Wb'&«»*rlt>*i-5. 

IWtw3p«|||^s#^E-r5S:attlLT*5«?, Lfc^ot, **tt#y*^*ns<fc 

**U*. m^-C^^^-^Srift^F-rS^t^fi^iajKo ^M^C (monot 
15 onically decreasing function) &*L3 w £ Sr&BfcU |5]$l{^ *£fl?^<£>IE 

©jiMtiii, {to^T^^^-^^^i-s^t^^MS^ mum 

, fLtl^5. 5 Kbar<DmmmX°&<Dmm&M&£TfjE<DJ±t)&Mb LT 
20 ^h,5*«:JLfflLTV>5 0 
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&t*s mm.T.m^^\ -mut^mmjLUit^m^sm. be^ib, asanas. 

10 tftLS. 

§^#)&p(fMb (Spontaneous crystallization) £ Ji N ji§g&fa<Dg}Bgi#T :x^e 
^t-C Hut fir 3. S^lXft^X^VM^ v—KSBS-e^S^S^rnH* 
COfifeS (disoriented growth) STfatf,, 

XSSrVV5o ^^^^^^St-fi^^-tir^V^m-r^txmT'fot), ^JgP^ 
"Cli AMMO N O m Sriiffl t T ^Hfl® ^^i" 3 fc #> <£>3§#CQ lonfc«, 

xie^=2/ bit, *-b? \s-y<Dif£M i <kmif$iiz.n^i-z>, tommmzmz- 
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vx^cDummzmm^mi-z m^mmxamtm^mm^c^-^, 
m&mwxtemtwvuttii&tfi&z , m&mm-bmummz*m*nfr-&z> r 
t k £ k> &umwxmm*mi£<nwkmmft u mw)f&&*^- 

W]Kftoi>(DXhZ> 0 

& < , 600 °car. <t t> l < f* 5 5 o °c^T^«-e^b^i^^^^S 

»^-f±-«!t^ G a Nm^ H B B *fe«^fE.^fflV^75\ *fcliGaNOHM,IE^ 

5:tm5„ G a NliHVPEf^MOCVDMMSiSfeiaotM 
SnfcfcO^AMMONOife, 7 7 v ? xm j $>MfcffiZ£'?XJ&f&.£tltzh<D$: 
fflV^Sr t36S-e#5„ GaN«M^iJ">A7v ! F\ 5 K\ # 
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a N£IU*RKA 1 NigifoSiSfc &7BV^*\ tfcliA 1 N<Dm^^A 

r<t^-e^6 D AIGaNWlt AlNtGaNO*STfc5H. fS)#^ 

t5 0 r. rr\ mjiar/^ y tifir^- 7 £ o^/nta* i : 2oo~i : 2 

ElSOH^&tfc^ 

El 2 A~2 E(± N «P^^6«(D^li(D^>fk^#^U-if^(D^igX 

in 3 a~3 Ett, ^miz±zmtto^mt*^—irm*<Dmm%mz*ftw$: 
mm Ltz.m&(DT.mm.mmx*tbz 0 
m 4 te'^? m&&&R±.\z.m&L i>tc l e Dm*(Dmmmx&z 0 

mbi^JU^Wm^^h c Wtf-Wr&A® (A-Plane) £S0 9 tH U tti 
It^ffiiWSrMffi (M-P lane) £ "T 5»^m^E|-e*> 5 C 

* w ^mm-r z> tz & <d& & mm 

ext. *mmiz&z>nm<DMmtz-D\,^Tmw-tz> 0 

m i ittmm^mz!Emtei'—-f<DWffimx\ g a Niii±i: n si» 

n 
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GaN = ^^ H21, I nGa N 7 7 7 Iftitjf 2 2, n|AlGaN^7 
v KJ§2 3RUnmG a Njt#'4 K® 2 4 bfrbttZo fc*>\ itu f B ^ 7 :x 7 Kit 
®2 2{^B&^T*fc5, pS^kto¥^®4l4A lGaN|*||4 U pS 
AlGaNWKl4 2, pgA 1 GaN^7^ KI4 3, p— GaN=i^^ 
^ FS4 4^5)45. rrt, HuteG a Ngtk 1 li/^i'7$M£ll/^£>& 9 , 
XPfe^l 0 4 /cm2S^<t^#>T{g;l^-e\ |6$cJl<!: LX<DE LOJi^fcV hi& 
fl££Blft<!: LfcA 1 G a Nl^t5Ct^<, n-3y?ni21 &Mf& b 
-CV>5. ftfllB±H2^*£ti#T*«, If *^©*««Sf4_hiaigtt» 3 t p 

®S*5<tO«n^S<D3t^ KJS2 4. 4 2, l^feifi)c$ilt 

Hl2A~E{iGa N»K0Cffif±^u— «f«3fiSrJgfiRU *tg«^WJWiSgffiiBlJ 
IH 3 A— E tela 5^-TG a Nl«©ASi±Hl/- IfflKeSr^fifcU *SSS© 

fflWMtu U7v\ nm&i&f$.'&^^ ^rnxmrn^m^m^-r^o & 
hi 2 1 <o#r!fc-ete, *i\ g a ns« 1 © c®±n n stttf^ 

®2, •r/jrtJ^n-^^^^ 7 7 yfViJtmZ 2, n^777 KJ1 2 

3 ,&.£>* n KJg 2 4 N #;^-e?£t£/f 3 , p«fe¥i^i4, "T^^*> 

f*SJ!4 1 N pSbfetf'T K»4 2, P S^7-yK|4 3 ) P 3^^hi44% 
Hi^S$^C7^/N$r2PM-r5 (0 2 A) „ GaNSiMt^© 

±IBl>i/^Sr^7^^^(-«toT*ig^SD, S.t>*n-^>^7 Nil 2 
lrifflU *JgS«Sffi^>ta#+Biffi!)*l*^"C^^^ 7Sr^-T5 (@2B) „ 



WO 03/043150 



PCT/IB02/04441 



13 

1-5 OH 2C) o 

mmmzBf&Ltii^ 7*m^x, m^r^ ^xm^^^o v 

r^Wt5 (IH2D) 0 ***SrfTP D yiS* h 7 << 7te&m%fftfa^Mf$. 
£tiZ> 0 ^^^©il4l. 0~2 0Mm-CfcoT, !) y5?©»SSfipS^5s' K 
5 ISfclipI^ KS^-CPJiiLTV^ 0 y s/^*«5 ZrO 

3 Kg&ti-s j; 0 \z. p ^ y ? mm 8 0 Sr^-r^o huie y ^ v 5 ©*****:^ 

10 „ p-^HillO, n-^'j/Klil 20Wt5„ £ hlZ^ S i 0 2 

15 fciMMfri— if ^Srf^iSi-rs r t^T*#5 (E12E, mi) 0 

„ Ni, Cr, Ti, Cu, F e , Zr, Hf, W, Rh, Ru, Mg, A U 
Sc, Y, Mo N Ta % Co N Pd, Ag, A u. Pt, Ga, %K\-£^tlb(D 

20 mtm. mm, 7 viwfotewit&m-eh*. 

25 „ ^y^v^cj; «9 ni^y?^ h/f2 1 £Sftti£-a:<5 (El 3 A) „ t<D'&, V 

vzt&Bf&L (Bi3B) „ yi/<Dm±&<Dvm^^?<7 vm* 3\Z.m& 

t5 «t 5 p 5 y i'Sft 8 0 S:^t5, ni3>^^hl2i©S 
jS(Cnm^9 0%Bl&irZ o p-^yMSllO, n-^Ktll2 

0*B&L-fZ> (0 3C) „ ttJtt«BBpSr^#0Btcj;i9^-t-5„ rtiia^ 
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(Ei3D) „ ztiz^M^x u—*fm*&fem-rz z t&x*z z (H3E) . 

±I2f£®Jl4 l«|:iiAMMON'Ofe^IfflLT5 0 O'Crixbe 0 O^tf) 
fi?fit'W H <OA 1 G a NSSr^fiJti - * - t &T~% I n 

5 3d pSaE^*S4rJKfiKt?# 5„ 

El4fi, ai/y^^ Tj£-C#btL5G a N£tR2 0 1 ±lCLED^?T-£7F2 

{SiS^fi^ y 7 7 BS:Mt5 1 i 4 < , G a Nlfii2 0 1 ±l£i£8K n- = 
hJl 2 0 2&jf«Lfcf&, 7>K-yGaN/Si K— ^GaN/T^K 
10 -7G a N©'^ K— ^® 2 0 3*3.fctfi@» J F-e2 0 4^tT I n G a N#F 

®/G a N«Mri»e>fr5i£t9UB2 0 5«J&$tL5„ ?£t£Ji 2 0 5<73±{RlJiI, 
P^7 5/K)l2 0 6 > /yK-/AlGaNl2 0 7, p-3^^H208 
SrHS(C^fi5c-r^ 9 LED^J&L-CV^o 2 0 9liptl > 2 1 

15 ±iaiE» k^^s 2 o 3&£x*mfe*m 204 ^ft^x^f^w^s^^^ 

ltM&B&IK&^raSi LTffll\ Tm<Dfrmz±td.n-=*^?f h«2 0 2£f& 
_LftiJf^t£Jl 205, p^7fKi206, / > K-^A 1 G a 

n/1207. p-=j^^^hji2o 8SrHB^j*i"*wi:^j: v [sim<Dmmm& 

MtSI <t^-ct5 0 KDiptl, {SSt#igiS:MT^ 5 AMMON Oft 

H»J i . 

25 £i\ 2>f>f ^ CS=Sr±ffii IfcG a NStl ^MOC VDgftWf- 

-IryhU MSrl 0 5 0tlitt, JJ i: LTtK^\ W^^tt 
7^-7^ TMG (h^f/^U^A) £ffl^<5„ 

(1) nm^^f? hftLtS i^3Xl0 18 /cm 3 K-^UfcGaNt 
4^m, 



WO 03/043150 PCT/IB02/04441 

15 

(2) nS^ 7 y YMt LT, T> K— /A 1 0 . ,G a 0 . 9 N£2 5 kt. S 

(3) Kii UT7y K-7*G a N^rO. 2 m iru 

5 (4) ffli:US i K-^I nO. 0 5Ga0. 9 5 N X <0 -5 P$SgJf 1 

OOAt7yK^/lnO. IGaO. 9N < fc'9^5#] 3 i4 0A^CT:i 

/g Lfc wmm/^Fm/n-mm/XFrn/wmmti^htezmmw- 3 8 0 A^a 

(5) ->^/N^^rt^g|S|#T^^^r-efc5SfS^ (si— h^L-— -7) f*3 
10 ^12® £ it -So bt^— -f (3 6 cm 3 ) >7 ^^<Dma$7 << — K 

^hy^iUTGaNSrO. 5g, 7^-7^14. 7 g . £fc 7>f1f 
-^ULi^o. o 3 6 g> *{ibi:^Pfli-?) 0 ^<D*— U-7fH(DUm 
Ii5 0 0 0 COT-C*£>oT, iilM^<bffi:^«<!:^?fMi-6„ 5 5 0 o COSi^I 
J$^fir>;c/^ieK$-^ 4 5 0°CCO{g;tl.^^(±7'<- h y#<DG a N > 
15 Ga ^/U£IfiK£it£ 0 l/-;/rt£&Pfl LfctKfiT 3 0 Fp^B-T 

5 0 rtttw J; «9 % m&&{*X*mmWT ^^=-r ^-em^G aNiO & 3<£fllgl 
^100 A(D)lW-enM^ttil^G a N|5$!IJl_h(£J5£ft $€5„ 

r^r^^^/cU MOCVDgMrtlct^M, M£ l 0 5 0°C 

20 (6) piWMHTTyK-^GaNi^O. 2 Mm, 

(7) pI^7-7Kli LTT> K-^A 1 o. 16 Ga 0 . 84 N2 5 AtT> K 
— -fG a N 2 5 A t ££2l£|iJi LfcMlJ? 0 . 6 m mC9i@1&^-Jf , 
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